Antioxidant properties shown by volatile oil of propolis (VOP) from India were investigated by spectrophotometric methods (ABTS, DPPH and NO radical scavenging activity) and a photochemiluminescence (PCL) method (superoxide scavenging activity). It was seen that VOP exhibited superior TEAC activity to that of trolox at the concentration 0.2 mg/mL. It showed dose dependent DPPH radical scavenging activity and NO scavenging activity. It was observed that the overall NO scavenging activity shown by VOP was low which suggests that some of the compounds responsible for NO radical scavenging might be nonvolatile and might not be present in VOP. The superoxide scavenging activity of VOP was determined on nano scale by PCL method. These results indicate that superoxide scavenging activity was more efficient in dilute solutions of VOP. The polyphenol content in the VOP samples was also determined. It was seen that polyphenol content may not be the exclusive cause for the antioxidant activity. From IC 50 values it could be concluded that the efficiency of scavenging ABTS radicals by the VOP was more pronounced as compared to scavenging other radicals. These findings indicate that VOP could be an easily accessible source of natural antioxidants.
Introduction
Propolis is regarded as a valuable natural resource of bioactive molecules. A large number of biomolecules having antibacterial, antifungal, antiviral properties (Bankova et al., 2009 ) are reported from propolis. Anti-inflammatory, antiulcer, local anesthetic (Ghisalberti, 1978) hepato-protective, antitumor, immunostimulatory activities of propolis extracts have also been demonstrated (Marcucci et al., 1995) . Literature review also reveals that the potential of Indian propolis is not completely explored. As a part of our ongoing programme of developing bioactive molecules from Indian medicinal plants, we initiated the chemical and biological evaluation of Indian propolis. There is an increase in interest in the determination of antioxidant activity of materials related to food and pharmaceutical industries. This is due to the fact that the reactive oxygen species (ROS) are shown to be involved in the ageing process and in the pathogenesis of many diseases. The crude extract of Indian propolis and its fractions were recently shown to possess antioxidant activity.
Various fractions of propolis were also investigated for their antioxidant activity and it was shown that the ethyl acetate soluble fraction had the superior antioxidant activity (Naik et al., 2009) . We, then, isolated the volatile oil from propolis (VOP) and its major constituents were identified. VOP was screened for attractant or repellent properties towards honeybees Apis florea and found to possess repellent property (Naik et al., 2010) .
Volatile oils from plant materials, usually referred to as essential oils were mostly used as flavoring agent for food products.
It was shown in the recent past that the essential oils have a large spectrum of biological activities (Madsen and Bertelsen, 1995; Hirasa and Takemasa, 1998; Sawamura, 2000; Ormancey et al., 2001; Sacchetti et al., 2005) . Volatile compounds are known to be present in low concentration in propolis but their aroma and variety of biological activities make them valuable. Volatiles from propolis collected from tropical regions contained some sesquiterpenoids that were not found in samples from temperate zones (Kivalkina et al., 1976; Maciejevicz et al., 1983) indicating regional variation in chemical constitution of VOP. Though there are several reports of chemical composition and biological activities of volatile oil of propolis from different origin, it is interesting to note that there is only one recent report on the evaluation of the antioxidant activity of VOP from China (Zhao et al., 2007) . Evaluation of antioxidant efficacy is based on the determination of radical scavenging activity, thus an important factor in these studies is the kind of radical species which is scavenged. The superoxide radical is directly linked to health issues (Vertuani et al., 2004) . Hence along with ABTS, DPPH and nitric oxide radical scavenging activity, the scavenging of superoxide radical by VOP is studied using PCL method. The assay method is rapid, sensitive, relatively simple and reproducible. This is a reliable analytical method to detect the antioxidant capacities at very low concentrations of antioxidant in the sample. 
Materials and methods

Collection of propolis
Crude propolis (200 g) was collected from apiaries housing Apis mellifera colonies, of the Khadi and Village Industry Board (KVIB) at Mahabaleshwar and Pune, Maharashtra state, India. Crude propolis was physically cleaned and powdered. Germany. The water used in PCL assays was purified with the milli-Q system. All other routine chemicals used were of AR grade.
Hydrodistillation
Crude powdered propolis (125 g) was transferred to a 1 L round bottom flask and water (700 mL) was added to it. The mixture was subjected to hydrodistillation using Clevenger's apparatus till the distillate was a clear liquid. The layer of VOP was carefully separated using long tipped dropper.
Gas Chromatography -Mass Spectrometry (GC-MS) analysis of VOP was carried out on a Shimadzu QP -5000 spectrometer equipped with OV-17 capillary column by maintaining the conditions recently communicated by us (Naik et al., 2010) .
Evaluation of trolox equivalent antioxidant capacity (TEAC)
Total antioxidant activity of VOP was measured using standard TEAC assay method (Miller et al., 1995) with minor modifications. In each experiment 2,2'-azinobis-3'-ethylbenzothiozoline-6-sulphonate (ABTS) radical cation was generated by interaction of ABTS dianion (300 μM, 0.5 mL) with hydrogen peroxide (750 μM, 0.5 mL) under the influence of horse raddish peroxidase enzyme (2.2 units) at 40°C.
The test samples of VOP (0.5 mL) were mixed with ABTS cation radical generated and deionised water (2 mL) was added to it. The reaction mixture was allowed to stand for 10 min. Its quantification was done by recording the optical density (OD) at 734 nm using a Lower the TEAC value of the sample, the stronger is its antioxidant ability.
DPPH radical-scavenging activity
Hydrogen donating or radical scavenging ability of VOP was measured according to Jung's method (Jung et al., 2005) using the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. An aliquot (0.1 mL) of methanolic solution of each VOP sample was mixed with methanol (2 mL) and methanolic solution (1 mL) of DPPH was added to it. Absorbance was immediately measured at 517 nm. It was allowed to stand at room temperature for 30 min and the absorbance was recorded again. Decrease in absorbance was calculated. As a control the absorbance of DPPH radical without VOP was measured.
Per cent inhibition of DPPH radical in samples was calculated according to the formula:
Where A C(0) is absorbance of the control at t = 0 min and A A(t) is absorbance of the antioxidant at t = 30 min. Trolox was used as a positive control.
Nitric oxide radical-scavenging activity
Nitric oxide scavenging effect of VOP was measured according to the method of (Marcocci et al., 1994) . Aliquots of 4 mL of each of the 
Determination of polyphenol content
Polyphenolic content in VOP was determined with Folin -Ciocalteu reagent according to the method of Slinkard and Singleton (1977) using pyrocatechol as the standard. The VOP (0.1 mL) and aqueous sodium carbonate (2 mL, 2% w/v) were mixed thoroughly. 
Determination of IC 50 value
Half inhibitory concentration (IC 50 ) for VOP was calculated by extrapolation from the concentration/effect regression lines obtained from four different concentrations (0.1, 0.2, 0.5 and 1 mg/mL).
Statistical Analysis
Student's 't' test was applied using Sigmaplot version 8 to determine standard deviation and p values. Experimental results were mean ± SD of 10 parallel measurements. p values < 0.05 were regarded as significant and p values < 0.01 very significant.
Results
Volatile oil (VOP) was obtained after hydrodistillation as a colourless fragrant liquid (3.12g, 2.49%). Chromatogram obtained in GC-MS analysis of VOP was identical to that recently reported (Naik et al., 2010) . It showed the presence of twenty seven peaks of which eight were major (> 4%), nine of intermediate concentrations (1-4%) and ten minor (<1%). The presence of tridecane, pentadecane, nonadecane, heneicosane, tricosane, pentacosane, heptacosane, palmitic acid, myristic acid, methyl hexadecanoate and ethyl cinnamate was seen by the analysis.
The scavenging effects of VOP on ABTS, DPPH and nitric oxide radicals are presented in Table 1 . Results for TEAC activity are expressed in mM concentration while the results for DPPH scavenging activity and nitric oxide scavenging activity are expressed in % of the respective activity in this Table. Results for superoxide scavenging activity determined by PCL method are expressed as trolox equivalent nM/g in Table 2 . The polyphenolic content of VOP determined as pyrocatechol equivalent was 64 µg/mg of VOP. Half inhibitory concentrations (IC 50 values) determined for VOP are shown Table 3 .
Discussion
It can be seen from the results ( Table 1 ) that the antioxidant activity of VOP increased with the increase in the concentration of the formulations, however, the increase was not linear. The activity is prominent at higher concentrations.
It is noteworthy that VOP of Indian origin exhibited 3.72 mM TEAC activity at the concentration 0.2 mg/mL which is superior to the activity of trolox at the same concentration. Since VOP was isolated from propolis, it would be appropriate to correlate its activity to that of total ethanolic extract and other fractions of propolis. It was shown by us (Naik et al., 2009 ) that TEAC activity of total ethanolic extract of propolis (TEEP) at 0.2 mg/mL was 5.14 mM while the activities of ethyl acetate soluble fraction of propolis (EAFP) and ethanol soluble fraction of propolis (EFP) at the concentration 0.2 mg/mL were 1.81 and 3.68 mM respectively. It is interesting to note
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DPPH scavenging effect of dilute solution of VOP (0.1 mg/ mL) is comparatively less (<20%). However, the effect is much higher for the higher concentrations. More importantly the effect is almost equivalent at the concentration of 1 mg/mL of the formulation (71.09%) with that of trolox at 0.2 mg/mL (75%). When the activity is compared to the reported activity of TEEP, EAFP and EFP, it is seen that the most active fraction of propolis, EAFP, is far superior to that of VOP while the activity of TEEP and EFP are comparable to that of VOP for all the concentrations.
It was seen that the nitric oxide scavenging activity of VOP increases with the concentration of the formulation. It was found to be identical to that of trolox (42%) when the concentration of the formulation is 1 mg/mL. Overall the nitric oxide scavenging activity shown by VOP is low. When compared with nitric oxide radical scavenging activity of TEEP, EAFP and EFP, the activity of VOP is seen to be very much inferior. This suggests that some of the compounds responsible for nitric oxide radical scavenging might be nonvolatile and might not be present in VOP.
From the results for PCL assay (Table 2) it is seen that solutions of VOP show super oxide scavenging activity. It is evident that the activity of 2 μg of VOP is 0.834 nM/g equivalent of trolox while the activity of 10 μg of VOP is 1.456 nM/g trolox equivalent.
Thus increase in the activity was not linear. Further, it is seen from the last two entries in that 
